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about 22 per cent too high, and when the instrument is 
adjusted to record correctly at  the most frequent or 
average velocities, by changing the factor to 2.65, it,s 
rate is still 6 er cent too hi h at 25 miles an hour and 9 
per cent too %igh a t  100 m' I f  es an hour. Velocit.ies indi- 
cated by the new standard are about 2 cent too high 
at 25 miles an hour and 5 per cent too h at  100 miles 

is properly adjusted and indicates a velocity of 50, the 
true velocity is 46; when the new standard indicates 50 
miles an hour, the true velocity is 48, e.tc. 

It is expected that the new standard will be adopted as 
soon as instruments now in use can be inodiiied and 
replaced. A description, including plans of the new 
anemometer, is in preparation for use by anyone interest,ed 
in the operation or manufacture of these inst,ruments. 

WHY HARDWOODS DO NOT GROW NATURALLY I N  
T H E  WEST 

By J. A. LABHEN, Forest. Esuiiiiiirr 

[Excerpts from Thr Idaho d'orfslrr, anniml. 1922, 4: 2&34 

an hour; as indicated in the Table4, when t fl e old standard 

Unfortunate1 the beaut.ifu1 lit~rclwootl trees wliich are 

the West. We have here only t1.6 en, cottonwood, sni:ill 

coast are oak and maple, but, limited laigely to lower 
moist sites such as st,renms bed and canyons. 'l'lie geii- 
era1 absence of broad leaf trees in the West is most. likely 
due to the difference in prwi itatioii iiiicl temperature 
between the East and West. 'fo be sure, there we other 
factors which limit the distribution of t,rees, such as soil 
acidity, alkalinity, soil and atmospheric. moisture, as well 
as inherent qualities in t,he lltnts themselves. Soil acicl- 

native to the j5 astern States do not grvw nat,urally in 

birch, hawthorns, cherry, and ti P der. 0 1 1  the I'ucitic- 

soil moisture or qua s it of the soil can at hest be 
only within a {imited area, and since it 

except for areas near the sea, t.list tit,- 
mospheric moisture varies according to tlie precipit,,zt.ion, 
it  is only a result and, as such, not a controlling fact.or. 
Internal structure of leaves and stems, tlhilit,y to t,ransport 
much water, injuries by frost,, etc., must he looked u on 
as direct results of the plant.'s environment rather t 1 RJI 
factors which control their distribution. There remains, 
therefore, the factors of temperature and precipitnbion 
and the variation and estremes of these worthy of con- 
siderat.ion . 

Air temperature, thou h it may not in a11 ctises he L 

either by too short, too cold summer weather sild fr0st.s 
during the growing season, or by too great. est,remes. 
Esperiments have shown that t.he leaves of trees do not 
become reen in tem erabures above 104' F. a ~ i d  do not 

cause root killing, bark and wood split.t,ing, and killing 
of buds and stems of hardwood. 

If the rowing season is t,oo short, the spevies ivl i idi  

in the spring, or have no time t.o f o r i  suflicimt. wood i t 1  
the new st,ems to withstand frost injuries in t,he fall. If 
the ni hts are too cold throughout. the summer mont,hs, 

freezing, has not had time to form before tlie cold weather 
sets in. The plant food is therefore chiefly in t,he form 
of starch, which is damaged by frost,. 

From the standpoint of water requirement of trees, i t  
is well to note that the structure of the leaves, stenis, 
and wood of trees may render some entirelv unsuit.able 
for certain climates, es ecially in r 'ons cliaract.erized 
by dry summer air an: low r a i n f a r  Deciduous trees 

cont.rolling factor, oft.en 5 h i t s  the distribution of t,rees 

function % elow 40' 3 Unusually low- temperat.ures nin.? 

are intro B uced from a warmer climat,e burl out. t o t - 1  c ~ r l y  

one o B the plant foods, sugar, which is not injured by 

nre able to trans ort, much more water than conifers. 
Dr. Franz R. von gohnel, of the Austrian Forest Experi- 
ment Station, determined by careful tests over a period 
of 12 years that 1 acre of oak forest lost by transpiration 
from 2,227 to 2,672 gallons of water per day durin 
periods of growth. This is equal to 2.9 to 3.9 inches o 
rainfall per month for the growing season-much more 
t,lian occurs over the western sections of the United 
States. Other broad-leaved trees are much like oak in 
respect, to evaporation of water. 

An examination of the distribution of hardwoods in 
the Eastern States shows t,hat their general northern 
limit follows tt line t.hrough St,. Paul, Minn., to Eau 
Claire and Shebo.ygan, Wis. * Grand Rapids, Lansing, 
and Detroit, Mich. North oi this line the forest is re- 
dominantly coniferous. From Detroit to central Bew 
York an inversion occurs in that the hardwoods are on 
t>he north and the conifers to t,he south. This is evi- 
dent,l due to low land and relatively warm air surround- 

south. From central New York the line goes northeast 
t.hrough west,ern Massachusetts, through Concord, N. H., 
and August.a, Me., wit.li conifers on t.he n0rt.h and hard- 
woods to the south. The westward extension of the 
harclwootls is defined h the Mississi pi River from St. 

Iowa, Kansas, and Oklahoma, irregularly, according to 
local variations in t.opo raphy. 

In conclusion it, may 5 e said that precipitation and at- 
mosplieric nioist.ure over the western United States are 
insufficient. for the east,ern hardwoods. Air temperature 
is suitrable in most t.owns and cities and over ext,ensive 
farming sections. This makes it, possible by irrigation 
or by plant.ing in certain very favorable sites such as 
moist slopes and aspects sheltered from the driving 
summer winds, to raise eastern hardwoods in the Pacific 
Northwest. Escept for southern Idaho and the Pacific. 
coast cities, however, the frequent frost which occurs 
over most of t,he region during late sprin and earl fall 

young trees and ret.ards growth on the mature trees. 
[Charts showing the mean air temperature and rain- 

fall for different eastern and western cities accompany 
the article showing t.he distinction spoken of in the test.] 

TEMPERATURE SUMMATIONS WITH REFERENCE TO 
PLANT LIFE 

5 

ing t { e Lakes and the higher land with colder air to the 

Paul to Rock Island, I l l ,  t.hence sout R westward through 

are ti serious drawback, whkh stiints an d kills hac K trhe 

c51. sa4 : 63 Z 

By G .  A. PE.4RION, Director 

[Fort Vnllcy Forest Experimt'nt Station] 

Plant invest.igat.ors are seeking an index 
which is espressire of the heat conditions re 
plants. The mean temperature enerally 
nieteorolo ists and too often by f iologists 
when app k led in the vegetable world. Plants are far less 
concerned with the relatively low night temperatures 
than wit.h tdie more effective temperatures prevailing 
during the hours of daylight. For this reason a mean 
which gives equal wieght to night and da temperatures 
is a poor inemure of the heat available ? or maintaining 
the physiological processes involved in plant life. The 
inadequacy of mean tem erature is very evident in the 
mountain forests of the ii outhwest, where an extremely 
high daily range is the rule and where the native ve e- 
tnt.ion experiences little discomfort from low nig ph t 
temperatures even to the point of frost, but is exceedingly 
dependent upon heat energy for carrying on photo- 
synthesis. 
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During a eriod of three years a series of meteorolo ical 

cisco Mountains of northern Arizona. The lowest of 
these stations was in the woodland or pifion-juniper belt 
at about 6,500 feet elevation. From here on up the moun- 
tain slope, one or more sets of instruments were installed; 
in the yellow-pine forest 7,300 feet; in the Douglas-fir 
forest at  8,700 feet; in the Engelmann-spruce forest at  
10,500 feet; and final1 near the upper limit of tree 
growth at 11,500 feet. $@re 1 shows decided irregular- 
it in the raphs of mean temperature. This is partic- 
d r l y  evi&nt in compari the gra hs for the yellow- 
pine and the Douglas-fk%rest. &e Douglas-fir sta- 
tion, situated 1,400 feet above the yellow- me station, 
ave a mean a.mua1 temperature only 0.7' I! lower than 

b a t  of the latter. From December 1 to June 30, the 
monthly means for Douglas fir were often as high or higher 
than the corresponding records for yellow pine. In  
January the Enaelniann-spruce forest, situated nearly 
3,000 feet above h e  yellow pine, recorded the same mean 
temperature as the latter. 

A glance a t  the mean minimum graphs shows at  once 
that this is the source of disturbance. During every 
month of the year the yellow-pine station has a lower mean 
minimum than the Douglas fir, and in 8 months out of 
12 it is below the Engelmann spruce. This phenomenon, 
which is well understood by meteorologists, is due to 
drain e of cold air off the mountain slopes and settling 
at the "6 ase where the ellow-pine station is situated. 

Turning to the g rapg  (fig. 1) of mean masimuni tem- 
perature, we find almost perfect coordinat,ion between 
the various stations. The da-ya are invariably warmest 
in the lower altitudes. Here also we find t,he plants 
known to have high heat rec1uirement.s. In every way 
the mean m&ximum temperature seems to furnish a re- 
liable es ression of heat relations in t,he various forest. 
types. hroughout Arizona and New Mesico, wherever 
high mounta.in records are available, the same relat,ive 
condit,ions have been found. When dealing with mean 
and mean minimum t.emperatures, inversions are the 
rule at  stations situated on plateaus or in valleys at  t.he 
base of high mountains; but inversions disappear in t,he 
mean maximum. The foregoing observations have led 
the writer to regard the mean maximum as a far better 
index of temperature than the mean, when plant life is 
under considerat-ion. It is rat,ifyin to find that, the 
more recent summaries publis % E  ed by t e Weatelier Bureau 
include the mean massmum temperature. 

Various schemes have been devised to espress in a single 
figure the total amount of heat available for plant growth 
durin the growing season. One of the. earliest atteni ts 
waa t. K iat of Merriam, who, assuming that no a precia K le 
activity in lants takes place when the mean i a i ~ y  t,em- 
perature is \elow 43' F., added t,oget,her the de rees of 
mean daily temperature a.bore this minimum. Lome 8 of 
t,he obvious objections to t.his method are: (1, That t,he 
minimum t,em eratwe for arowth varies great-ly in differ- 
ent plants; (2r that, growth is not directly proportional 
to  t,emprature. and (3) t'hnt. t,he r.oniputat.ions are based 
upon mean daily t,emperature which htis been shown in 
t.his aper to be a very uncertain quant.it . 
t.0 determine the mean temperature for each hour of t,he 
day and thus make an ac.curat.e summation of effective 
temperature accordinw to any Rdopted standard. A 
sim le though fairly egective method provides a means of 

each day the number of hours with tem erature between 

stations in t 1 e vertical was maintained in the Srm 9 ran- 

VVEere t herplograph records are availah T c it, is possible 

ana P yzing temperature by merely adding together for 

any fixed limits. Thus it was found t P iat in the spruce 

forest of the San 
curve rose above 

70' F. was 
134 in the Douulas-fir forest and 633 in the yellow- ine 
forest,. A deciad improvement on this method coul be 
att,ained by taking the roduct of int,ensity and duration, 

the space described by the thermograph curve and any 
fked temperature line. 

entire growing season 
the same period the 

of 1918; during 

5 
or what amounts to t R e same thing, by planimehring 

I 
Jan FeA Mar Ap,: Wry June && /lrug SSpt  OCt h& &. 

Fin. I.-Temperatore hy forest types i n  northern Arimna 

A marked advance over t,he foregoing schemes is made 
by what is known as the method of physiological indices 
of temperature efficienc. I t  is based upon experiments 

oi growyth of maize seedlings csposed to the same tem- 
perat,ure during periods of 13 hours. The vdues thus 
obt.ained formed the basis for a table giving an index of 

inavton has w-orked out the 

by Lehenbauer, in whic % lie det.ermined the hourly rate 

efficiency for each degree in the ade scale. Liv- 

FaLenheit scale. Taking 
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unity, it rises rapidly with temperature until a maximum 
of 122 is att,ained a t  89O F., beyond which point the 
values decline. 

Proper application of this method calls for a better 
measure of t,emperature than is afforded b the daily 

plants exposed to constmt t.emperatures. The indes of 
efficiency corresponding to a given daily meail tempera- 
ture may be far different from that obtained by summing 
the indices f n r  t,he components of this mean. Where 
thermogra h records are ava.ilable, a far more rtcrurat.o 
t.hough rat fl er laborious process is to determine the indes 
corresponding to the mean t.emperature for eac.h t.wo- 
hour period and taking the average of the values thus 
obtained. This eliminates practically all of the periods 
of ineffective tern erature instead of combining them 

the vnlue of the whole. The two-hour period has been 
chosen as a compromise between accuracy and espedi- 
ency. Intervals of one hour or even less would yield 
more accurat.e results but at the ex ens8 of greatly in- 

obtained by averaging two-hour eriods are compared 

Figure 2 shows the relative temperature efficienc in the 
various forest types of nort,hern Arizona referre8 t,o t.he 
growth of maize seedlings. I t  will be observed t.hat 
althou h based u on records of a single season the graphs, 

very consistent relat<ionship between t.he forest types. 

TABLE l.-Physiological tempera1 iire efficiency 

[Yellow-pine type] 

mean. Lehenbauer's experiment was con d' ucted with 

with periods of e 2 ective temperature rlnd thus reducing 

creasing the work of compilation. !? n Table 1, indice3 

with those derived from the dai P y mean t.emperat,ure. 

as in t 5 e case o f mean masimuni temperature, show- a 

-~ I Daily temperature I ~~~~~~~~1~~ 

June, 1918 i Masl- 
I mum 
! 

O F .  

54.2 10.33 
56.5 14.44 
56.3 1278 
57.05 14.4 
58.45 16.11 
110.25 19.88 
59.65 19.88 
63.25 27.11 
67. I5 41.33 

5z.a 9 . 2  

Since plants var in their heat requirements, indices of 

cerned, or at least for severa! groups of species having 
approximately the same requirements. In  forestr, fo r  
instance, separate determinations should be ma e .for 
characteristic species such as western yellow pine, 
Dou las fir, and Engelmann s ruce. 

physiological indices is the only one which is based directly 
on the response of plants to heat. This method promises 
to be very useful when supported by thermograph re- 
cords and ex erimental datit on the response of various 

stances, which indeed are those generally encountered, 
the mean masimum tern erature is believed to be the 

Southwest it has proven far more consistent and expres- 
sive than mean temperature, and wh?le it may not prove 
equally superior in re ons of low dally range and higher 

valuable adjunct to records of mean temperaturo. As 

efficiency should g e determined for each species con- 

O f  all the methods here $ escribed, the method of 

s ecies. Wit \ out these data, however, the values 
o t tained are only a rough index. Under these circum- 

most practical index avai P able. In  the mountains of the 

t.emperatures genera ff y, it  will undoubtedly prove a 
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FIG. !d.-Physlologld tempetraure etEdancy, I918 

com ared to the method of summing daily means above 
43" b. or any other minimum limit, it  hns the advantage 
of greater simplicity and consistency. 

In conclusion I wish to recommend to ecologists that 
t,hey consider the mean masimum temperature where 
thermograph records are not to be had. Obviously, the 
mean mtuxnurn is to be re nrded only as an index rather 

To Weather 

effort to include t>he mean maximum in their temperature 
summaries. 

than a corn lete measure o f5l eat conditions. 
Biireau o 2 cids I wish to. suggest that they use every 

A%-/. b : 6 1 1 - 3 9  6 
OUR PRESENT KNOWLEDGE CONCERNING T H E  ATMOS- 

PHERIC DISTURBANCES OF RADIOTELEGRAPHY 
L. W. AUSTIN' 

Our present knowledge concerning the atmos heric 
disturbances of radiotelegraph is very limited, %ut in 
the following I have atternptedito make a brief r6sum6 
of the known facts and generally accepted hypotheses. 

11:. S. Neval R m l h  Research Laboratory, Bureau @I Standards. Washington, D. C.1 
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1 Subreport of committee on stmospheric-elcctric phenomena and measurements in 

the troposphere and stratosphere presented at tho annual meeting of the section of ter- 
restrial mugnetism and electricity o! the American Qeophysical Union. Apr. 18. 19B. 

9 Reprinted from Bull. of the National Research Councll, voi. 7, pt. 5, No. 41. Wash- 
ington, 1824, PP. 127-130, 


